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Abstract. We focus in future proposals to measure coherent neutrino-nuclei scattering and we show
that such kind of experiments are very sensitive to nonstandard neutrino interactions with quarks.
First in a model independent parametrization and then we focused in particular models such as
leptoquarks and models with extra neutral gauge bosons and with R-parity breaking interactions.
We show that in all these three different types of new physics it is possible to obtain competitive
bounds to those of future collider experiments. For the particular case of leptoquarks we found that
the expected sensitivity to the coupling and mass for most of the future experimental setups is quite
better than the current constraints.
Keywords: Nonstandard neutrino interaction
THE COHERENT NEUTRINO-NUCLEUS CROSS SECTION
There are few predictions made by the Standard Model (SM) that have not yet been
observed, most of the times due to experimental difficulties. One of these non-observed
predictions is the so called coherent neutrino-nucleus scattering [1]. In this process a
neutrino scatters coherently not only the nucleons but the nucleus itself. The coherent
scattering requires momentum transfer, q, small compared with the inverse nucleus size,
q ≤ 1/R, R the nuclear radius. This condition is well satisfied for almost every typical
atom, in the case of neutrino energies coming from reactors, artificial sources, the sun or
supernovas. Neglecting radiative corrections the cross section is
dσ
dT =
G2FM
2pi
{
(GV +GA)2 +(GV −GA)2
(
1− T
Eν
)2
−(G2V −G2A)MTE2ν
}
, (1)
where M is the mass of the nucleus, T is the recoil nucleus energy, Eν is the incident
neutrino energy and the axial and vector couplings are
GV =
[
gpV Z+g
n
V N
]
FVnucl(q
2) , (2)
GA =
[
gpA (Z+−Z−)+gnA (N+−N−)
]
FAnucl(q
2) . (3)
Z and N represent the number of protons and neutrons in the nucleus, while Z± (N±)
stands for the number of protons (neutrons) with spin up and spin down respectively.
The vector and axial nuclear form factors, FVnucl(q2) and FAnucl(q2), are usually assumed
to be equal and of order of unity in the limit of small energies, q2≪M2. The SM neutral
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FIGURE 1. Events vs. energy for three different experimental proposals
current vector couplings of neutrinos with protons, gpV , and with neutrons, gnV , are
gpV = ρNCνN
(
1
2
−2κˆνN sˆ2Z
)
+2λ uL +2λ uR +λ dL +λ dR,
gnV =−
1
2
ρNCνN +λ uL +λ uR +2λ dL +2λ dR . (4)
Here sˆ2Z = sin2 θW = 0.23120, ρNCνN = 1.0086, κˆνN = 0.9978, λ uL = −0.0031, λ dL =
−0.0025 and λ dR = 2λ uR = 7.5× 10−5 are the radiative corrections given by the
PDG [2]. The axial contribution can be neglected as can be seen from eq. (1) since
the ratio of axial to vector contribution is expected to be of the order 1/A, A the atomic
number. The spin-zero cross section of electron neutrino scattering off nucleus in the
low energy limit, T ≪ Eν is
dσ
dT (Eν ,T ) =
G2FM
pi
(
1− MT
2E2ν
)[
Z(gpV )+N(g
n
V )
]2
. (5)
The number of expected events, neglecting for a moment the detector efficiency and
resolution, can be estimated as
Nevents = tφ0 MdetectorM
Emax∫
Emin
dEν
Tmax(Eν )∫
Tth
dT λ (Eν)
dσ
dT (Eν ,T ) , (6)
with t the data taking time period, φ0 the total neutrino flux, Mdetector the total mass of the
detector, λ (Eν) the normalized neutrino spectrum, Emax the maximum neutrino energy
and Tth the detector energy threshold. One can see that the maximum nuclei’s recoil
energy depends on nucleus mass M through the relation T maxth = 2Emax
2
ν /(M + 2Emaxν ).
This is the biggest experimental challenge to defeat in order to detect this process. For
example, reactor neutrino with Emaxν = 10MeV produces a maximum nucleus recoil
TABLE 1. Expected events for different experimental setups
Experiment M0 Expected events/yr systematic error estimate
Texono, Eth =400 eV 1 kg, Ge 3790 2 %
Texono, Eth =100 eV 1 kg, Ge 25196 2 %
Beta beam, Eth =15 keV 1 ton, Xe 1390 2 %
Beta beam, Eth =5 keV 1 ton, Xe 5309 2 %
Stopped pion, Eth =10 keV 100kg, Ne 627 5 %
for Germanium of 12KeV. Nevertheless, experiments that look for direct dark matter
searches have improved the detectors at very low threshold. Different proposals have
been suggested to detect the coherent ν−N scattering that differs each other depending
on the neutrino source and the detector properties.
The experimental proposals:
TEXONO: Texono collaboration has recently started a research program towards the
measurement of neutrino-nuclei coherent scattering by using reactor neutrinos and 1 Kg
of an “ultra-low-energy” germanium detector (ULEGe) [3] with a threshold as low as
100 eV and we have consider also a threshold of 400 eV. We can consider that the
error will be dominated by the reactor power, its fuel composition, and the anti-neutrino
spectrum. We assume that these uncertainties will give an approximate error of 2% [4]
and one year of data taking.
Stopped pion source: Another proposal for detecting the coherent neutrino-nucleus
scattering considers the use of another source of neutrinos, a stopped pion source (SPS),
such as the Spallation Neutron Source at Oak Ridge National Laboratory [5]. The
neutrino spectra are well known. Here we will consider only the total delayed flux
(νe + ¯νµ ) that comes from pion decay. We assume a total flux of ∼ 107ν s−1 cm−2.
Among different possible detector materials such as Ar, Ge or Xe, we will concentrate
on the noble gas detector, 20Ne, of typical mass about 100 kg with a data taking time
scale from one to several years and a threshold of 10 keV.
Low energy Beta-Beams: The usage of accelerated radioactive nuclei to produce a well
known flux of neutrinos – beta beam – was proposed in [6]. It was shown soon afterwards
that low energy beta beams open new possibilities to study neutrino properties [7] and,
recently, a neutrino-nuclei coherent scattering experiment using neutrinos from low
energy beta beams was discussed [9]. In particular we base our analysis on the beta-
beam experiment discussed in [8, 9]. The number of expected neutrinos observed in this
proposal is
Nβ−beamevents = t gτ nh×
∫
∞
0
dEν Φtot(Eν)σ(Eν) , (7)
where t = 1 year is the data taking time, n is the number of target nuclei per unit volume,
σ(Eν) is the relevant neutrino-nucleus cross-section. We considered the case of a ton of
Xe as a target and a factor γ = 14 for 6He ions as described in Ref. [9]. As for the
threshold energy, we consider both the realistic threshold of 15 keV where background
events are negligible as well as the very optimistic 5 keV threshold that, according to the
same reference, will give a bigger number of events if background could be subtracted,
though at present there is no technology capable of dealing with such a background. The
total neutrino flux through detector is given in [8].
TABLE 2. Constrains in NSI parameters with Texono-like experiment at 90%
C.L. Present limits and ν Factory sensitivity are taken from [10]. For details see
[14]
Present Limits 76Ge TT h = 400eV 76Ge TTh = 100eV νFactory
−0.5 < εdVee < 1.2 |εdVee |< 0.003 |εdVee |< 0.001 |εdVee |< 0.001
−1.0 < εuVee < 0.61 |εuVee |< 0.002 |εuVee |< 0.001 |εuVee |< 0.002
THE NON STANDARD INTERACTION
We can go a step further and look for new physics in the neutrino sector. New Physics
such as non standard interactions (NSI) that can be included adding to the Standard
Model (SM) Lagrangian the effective Lagrangian [10]
−L e f fNSI = ε f Pαβ 2
√
2GF( ¯ναγρ Lνβ )( ¯f γρ P f ) (8)
where f is a first generation SM fermion: e,u or d, and P = L or R. That kind of NSI
Lagrangian appear in a natural way for example when it is added mass to the neutrinos
[11] and also appear from super-symmetric theories [12]. So, all new physics will be
included in the effective parameter ε f Pαβ and the goal is to constrain such parameters
using the neutrino data. But the solar and atmospheric data allow big values on such
NSI parameters and even worst, the appearance of new “dark” solutions [13]. It turns
now relevant to really understand correctly the NSI parameters if a good determination
in the mixing parameters is wanted. Experiments at low energy offer an excellent
opportunity for the NSI study, because the no dependence in neutrino mixing parameters.
In particular, the coherent neutrino-nucleus scattering can set strong bounds in NSI
parameters because the enhancement in the number of detectable events as can be seen
in Table 1.
The NSI in ν−N scattering: The coherent neutrino-nucleus scattering cross section
after the addition of Lagrangian 8 is easily obtained with the change in the coupling
constant gpv → gpv +2εuV +εdV and gnv → gnv +εuV +2εdV in eq. (5). The expected number of
events depends now in the NSI parameters NEvents(εdV ,εuV ) and it is possible to constraint
the NSI parameters by doing a χ2 analysis taking the SM as central value. Taking only
one parameter at a time and just as illustrative we show the possible constraint obtained
with a Texono-like experiment with two different threshold energies in Table 2. The
sensitivity for this kind of experiments is very competitive with future ν−factories.
Once we constrained the NSI parameters, it is natural to ask if the bounds in the
effective parameter can be translated into constrains in specific models. Here we did in
three different realizations of theories beyond the standard model:Heavy neutral vector
bosons Z′, Leptoquarks and supersymmetric theories with R-parity breaking terms.
TABLE 3. Effective 4-fermion NSI parameter expressed in terms of the relevant parame-
ters for three different models beyond the SM.
Heavy neutral gauge boson Z′ Leptoquarks R-parity breaking terms
εuV 0 λ
2
u
m2lq
√
2
4GF 0
εdV −4γ sin2 θW ρNCνN
(
3cβ
2
√
24 +
sβ
6
√
5
8
)
cβ√
6
λ 2d
m2lq
√
2
4GF
(
M2W
g2
)( |λ ′1 j1|2
m2
˜d jL
− |λ ′11k|2
m2
˜dkR
)
NSI IN DIFFERENT EXTENSIONS OF SM
Heavy neutral vector bosons: Extra Z′ bosons are predicted in string inspired exten-
sions of the SM, in left-right symmetric models, in models with dynamical symmetry
breaking, in "little Higgs" models and in certain classes of theories with extra dimen-
sions. In many of these models it is expected that Z′ mass can be around TeV scale.
The present experimental lower limits to the neutral gauge boson mass come from the
Tevatron and LEP experiments [2]. Forthcoming measurements at LHC will provide
sensitivity to the Z′ mass up to 5 TeV [15, 16]. The effect of this Z′ boson will gener-
ate a neutral current that modifies the SM coupling constants with a NSI parameters as
expressed in Table 3,where cβ = cosβ , sβ = sinβ and γ = (MZ/MZ′)2 are the relevant
parameters.
Leptoquarks: A leptoquark is a scalar or vector boson that couples to a lepton and a
quark. There are no such interactions in the SM, but they are expected to exist in various
extensions of the SM [2], such as the Pati-Salam model [17], grand unification theories
based on SU(5) [18, 19] and SO(10) [20] gauge groups and extended technicolor mod-
els [21]. The leptoquark contribution effectively (in 4-fermion approximation) can be
written as expressed in Table 3 [22] where λu, λd are couplings, mlq is leptoquark mass.
This parametrization is given for vector leptoquarks. In the case of scalar leptoquarks,
our results should be multiplied by a factor 1/2 [22].
R parity breaking terms: In supersymmetric theories, gauge invariance does not imply
baryon number (B) and lepton number (L) conservation and, in general, the so called
R-parity (defined as R = (−1)3B+L+2S where S is the spin) is violated. However, one
has to keep the consistency with the non-observation of fast proton decay. One may
consider, for instance, the R-parity violating MSSM (imposing baryon number con-
servation) with a superpotential that contains the L- violating terms [12] λi jkLiLL jL ¯EkR
,λ ′i jkLiLQ jL ¯DkR, where we use the standard notation, LL,QL, ¯ER, and ¯DR to denote the chi-
ral superfields containing the left-handed lepton and quark doublets and the right-handed
charged-lepton and d-quark singlets respectively; i, j,k are generation indices. At low
energies, the heavy Supersymmetry particles can be integrated out and the net effect
of the R-breaking interactions is to generate effective 4-fermion operators involving the
lepton and quark fields. By considering the case where a single Yukawa coupling (with
one flavor structure) is much larger than the others, the effective four-fermion operator
generated by LiLQ jL ¯DkR takes the same form as in Eq. (8) with the couplings [12, 23] as
expressed in Table 3.
TABLE 4. Constraint in the relevant parameters for each model
Texono100eV Texono400eV SPS β -Beam15KeV β - Beam5KeV Current
Z′ 792 722 479 619 725 680 (GeV)
Leptoquark 894 805 546 684 805 298 (GeV)
R-Parity 0.0020 0.0025 0.005 0.003 0.0024 0.012
RESULTS
Our results are summarized in Table 4. For definiteness we have fixed some parameters.
The estimated sensitivity has been calculated for the detector’s mass given in the pro-
posal and the time=1 year of data taking. In case of Z′ we have estimated the sensitivity
of each experimental proposal for the mass for the extra gauge boson in the particular
case where cosβ = 1, that is called the χ-model. For leptoquarks we have fixed the cou-
pling λq to the electroweak scale (λ 2q = 4pi/137) and the estimation are on the leptoquark
mass at 90% C.L. in GeV. Finally, for SUSY with R-parity breaking terms, the estima-
tion is done over the difference in the coupling constants |λ ′1 j1|2/m2˜d jL − |λ
′
11k|2/m2˜dkR
with s-quark masses normalized to 100 GeV. We can see that in most of the cases we
have competitive or as in the leptoquark case much better sensitivity to the relevant pa-
rameters than the current constraints. For a more detailed discussion see [24].
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